12 United States Patent
Wang et al.

US011280955B2

US 11,280,955 B2
Mar. 22, 2022

(10) Patent No.:
45) Date of Patent:

(54) WEARABLE DEVICE AND METHOD FOR
CONTROLLING WEARABLE DEVICE

(71) Applicant: BOE Technology Group Co., Ltd.,
Beijing (CN)

(72) Inventors: Long Wang, Beijing (CN); Mengjun
Hou, Beijing (CN); Tuo Sun, Beijing
(CN); Nanfang Jia, Beijing (CN);
Zongmin Liu, Beijing (CN)

(73) Assignee: BOE Technology Group Co., Ltd.,
Beijing (CN)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 67 days.
(21)  Appl. No.: 16/756,106

(22) PCT Filed:  Dec. 5, 2019

(86) PCT No.: PCT/CN2019/123272
§ 371 (c)(1),
(2) Date: Apr. 14, 2020

(87) PCT Pub. No.:. W02020/164297
PCT Pub. Date: Aug. 20, 2020

(65) Prior Publication Data
US 2021/0239897 Al Aug. 5, 2021

(30) Foreign Application Priority Data
Feb. 13, 2019  (CN) oo, 201910116596 .4

(51) Int. CL
F21V 8/00
GO2F 1/133

(2006.01)
(2006.01)

(Continued)

(52) U.S. CL

CPC ......... G02B 6/0055 (2013.01); GO2B 6/0035

(2013.01); GO2B 6/0085 (2013.01);

(Continued)

(358) Field of Classification Search
CPC .. GO02B 6/0055; G02B 6/0035; G02B 6/0085;
GO02B 6/00; GO2F 1/13306;

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS

2017/0075314 Al* 3/2017 Perez-Feliciano ... G04G 9/0064

FOREIGN PATENT DOCUMENTS

CN 202327888 U 7/2012
CN 106526898 A 3/2017
(Continued)

OTHER PUBLICATIONS

First Oflice Action 1ssued to Chinese Application No. 201910116596 .4
dated Mar. 20, 2020 with English translation (16p).

(Continued)

Primary Examiner — Joseph L Williams
Assistant Examiner — Jose M Diaz

(74) Attorney, Agent, or Firm — Arch & Lake LLP

(57) ABSTRACT

A wearable device 1s provided, including: a main body; a
display panel over the main body for displaying information;
and a driving circuit coupled to the display panel, where the
driving circuit 1s configured to control the display panel to
switch between: a transparent non-displaying state 1n which
the main body 1s viewable by a user, and a displaying state
in which the information displayed 1s viewable by the user.

19 Claims, 9 Drawing Sheets

-l
$
a
-I
a
a
-I
a
a
-I
a
a
-I
a
a
-I
a
a
-I
a
a
-I
a
a
-I
a
a
-I
a
a
-I
A,



US 11,280,955 B2

Page 2
(51) Int. CL
GO2F 1/1333 (2006.01)
GO2F 1/1334 (2006.01)
(52) U.S. CL
CPC ........ GO2F 171334 (2013.01); GO2F 1/13306

(2013.01); GO2F 1/13338 (2013.01)

(58) Field of Classification Search
CPC .. GO2F 1/13338; GO2F 1/1334; GO2F 1/1333;
GO2F 1/13; GO2F 1/01; GO2F 1/15; GO2F
1/29; GO2F 1/35; G04G 9/0064; GO4G
9/12; G0O4C 17/0091; GO4B 47/00; G04B
19/06; GO8B 5/228

See application file for complete search history.

(56) References Cited

FOREIGN PATENT DOCUMENTS

CN 106647049 A 5/2017
CN 106908996 A 6/2017

OTHER PUBLICATIONS

Second Oflice Action 1ssued to Chinese Application No.

201910116596.4 dated Nov. 2, 2020 with English translation, (17p).

Chinese Oflice Action (including English Translation) issued in
CN201910116596 4, dated Mar. 19, 2021, 9 pages.

* cited by examiner



U.S. Patent

L)
L o,
L, :: !
"% . M
" L)
"-'i Tt &
L)
E‘ :
, H
- 4
"‘1‘ O 4
B » L
‘i“ " L]
!:' L
L)
2, 3
' L)
l-'l ‘: M
., ", M
'l - L |
11: L ]
) L]
. e :
¥ i
'l '
L 'I -
¥
'I
.-
x
r-
‘J
¥
4 [
:1 e
1
s
:Il
1

.-I

P a

Mar. 22, 2022 Sheet 1 of 9 US 11,280,955 B2

Light
Fmittin
Assemhl

)
",

Y

20—

Display
Panel

Driving
Circuit

. TN
Main Body

big. |

"""’"""""""‘!'Il-'lr'lr'Ir'Il'lr'Ir'Il'lr'll-'ll'lr'Ir'Il'lr'Ir'Ir'lr'Ir'Il'lr'Ir'Il'lr'Il-'ll'lr'Ir'l'lr'lr'l'lr'lr""'"’"""""""'

>
L Ay
. l,.-,f.‘- "
':', +,¥'°*'.'I. .1."'
',:i -

. 4 -
A
| ] | L]
:* ] !'5 - "”'"”'”'"”'”'"”'*l*l*lllﬂ'l*lh!"l!l!lh*lPlh*l!"ll'"l!"lPlh*lPlh*lPlﬂ'l!‘lPlﬂ'l!‘l!"lﬂ'll"lPl*l*lPl*l*l*l*l*lllﬂ'lh!l!’*********'.1 :_."l.
k) : . 'qugw*-w*-rw‘ﬁw*- ‘.
L | . M .
, ¥ N B R e, £
. M a "' 4’ Ay
H ‘-_.‘ -

R,

R R R e tete e e et e e e e e e e e e e e e e e e e e e e e

TR
a .
Y ,:_ e o A A A A A A A A A A A A A A e A A A A A rws
= - ‘1' - dir, e, i, B, i, B, i, B, ir, B, i, B, dr, B, i, B, i, B, i, B, i, &, dr, &, i, B, i, B, i, B, dr, B, i, &, i, B, i, B, i, B, i, 3 i, @, &, b 'i
"l W o
“! .................... .q.ﬁ iy
A o o mimin i i i ™ e e et TR - et

Ante e e et ntet p - e B e B e B e Bl B e B e Bl e e B e Bl e e Bl B e B de Bl e e B e B e B e o o N o =*n .*‘

. § TR S RN RN

n
A, o, o, Ao, A, oA, oA, A, o, A, oA A, o, A, A, o, A A, oA, A, oA A, A A, AT NN AN WAL A

Fig. 2

‘{1“-‘\-‘-‘- hﬂng‘-

o e a
3 O
:: '
L
L]
L]
L
L]
3 LA
L4 LI, S
1; [ rl'. ':
.v"'" - .:,
‘™ Agtyr,
Pl ‘_:'H‘:-
.hl- 1.
4*;*i‘a-‘a-*a-‘a-*a-*a-‘a-*a-*a-‘4-‘a-*a-*a-*a-*a-*a-‘a-*a-*4-*a-*a-‘a-*a-*a-‘a-‘a-*a-‘a-*a-‘a-‘a-*a-*a-*4-‘a-*a-*a-*a-*a-*a-‘a-*a-‘a-*a-*a-‘a-*a-*a-‘4-‘a-‘a-‘a-*a-‘a-*a-*a-*a-*4-*a-*a-‘a-*a-*a-‘a-‘a-*a-‘a-*a-*a-‘a-*a-‘a-‘4-*a-‘a-*a-*a-*a-*a-*a-*a-‘a-*a-*a-‘a-*a-*a-‘a-‘a-*a-‘a-*a-‘a-*a-*a-‘a-*a-*a-*a-*a-*a-*a-‘a-*a-*a-‘a-*a-*a-‘a-*a-*a-‘a-*a-‘a-*a-*a-‘a-*a-*a-*a-*a-*a-*a-‘a-*a-*a-‘ﬂa-ﬂﬂﬂfﬂ*;‘;ﬂﬂ‘ﬂ ‘-Il*i‘l*l*i‘l*i*i‘l*l*i‘l*i* A . }#ﬁ._
:'l; o ;':_-r : ; 'llh'dl-'!" ‘"lflr"
s -
.."I I'J-..ili'lull I‘.i- y r
L] -‘: i..- r X :
e gy
L MR R d
LS N RN .
PO A
O LN ) tu -
PN q.'- =‘v d
N A
L] L] -
I ML "1-
l"'lf_lrl"l_r i - , k
e .
L .‘l k 2
*‘"'"‘"‘"‘"““""":‘:‘:‘:*:‘:":': Qv g P "‘:‘:':‘:‘: 1111111111111111111111111111111111111111 :‘:‘:_.:‘:": 11111111111111111111111111111111111 ! :‘:‘:':‘:": Attt bbbttt :‘:‘:':‘:":" 111111111111111111111111111111111111111111111 4.:'.:l.:..:".: ........................................ S "‘"‘"'"‘"""“‘.“""""“.""‘." o ‘:’l'.ﬂ:. -_.,ﬂ:.ll- .‘:
il e QO -:~:~:~:~:~:~:~:~:~:~:~: :~:~:~:~:~:~:~:~:~:~:~: e AR .. SRRSO ... SASBASISY: e L
- i,.'-ll ' 4 L | * m a4 g 'l L l L LI | L | ll. F u [ ] ¥ m '-!. I ¥ p L '-il L | LI | L | 4 - -
=’J"|I,.' 1"- P -,.""l':."' " -'.' - -~ R Ry R I o -_ 'l':,"' . -"' v T e -,. - "' l' -' el iy R -'J' r oo iy R o ey _I:'
l" l" -ll"' 'f. l'.l. - ' IJ.'"{"" l- l' l.-" ' 4?;"’-"- "' l-.-. l'.l' IJ"" l" r.. l'.‘l. l.-' - ' r 4"' ' . ' H‘I' ! - . . . . .
e e T
- awly e
‘i.-f" ‘i.-f':h-f ‘-;-f-h-: ‘-x-fﬁ‘-x-f-hﬁ.-hﬁ.-hﬁ.-fi.ﬁ. N oA h-f-h-:-hﬁ.ﬁ.ﬁ.-fi.ﬁ. s o, ‘h-fth-f -E-hb.-hb.#-.b. AN -fﬁhlf-h-f-hhihﬁ.#-.ﬁ.-fh*ﬂf" DN AR A -h#.-hﬁ.w b B
¥ ¥ .
L] CL
,; LN S
L]
L]
L
L]
L]
L
L]
L]
L
L]
L LT T
' YO
N AR ¢ o
- 3
" .
. A

.3

Fig



U.S. Patent Mar. 22, 2022 Sheet 2 of 9 US 11,280,955 B2

sy
R

Yuly 'Ir'lr'Ir.?lr'Ir'!'lr'lr-'!'lr'Ir'lr'lr'Ir'!r'lr'lr'!'lr'lr'!'lr'—-:'-
>




U.S. Patent

Mar. 22, 2022 Sheet 3 of 9

Distal trom Towards
Light Source Light Source
Fig‘ 41
ST
ﬁ:'::‘*:.c-;;-s %} Hj
i "
..... N
- IR
Distal from Towards
Light Source {.1ght Source

Fig, 4F

US 11,280,955 B2



U.S. Patent

Mar. 22, 2022 Sheet 4 of 9

...... .. ] 1 .Y L
-. 3 -~
s .
i :"‘. : .
.. ﬂ
. dr dr ki *
o Jrlrl'l'l'l'lrlrl'
. ] ,:-i-: ....I JrJrJrJrJrJrJrJrJrJrJrJrJr
. X - n.l._ Jrarlrarq-lrarq-arar

l'Jr

Xy

*'5'-1-':.& *E."'

e
e
Fo )

P
N
e

o

S N N N )

By

A
-.'.'I.

%ﬂw :‘:.". .
XX . .
Ry N
& _. ] L] Lol - E '
i) ij B L} 'l’li"-’-" . i' j"'r
! Fy . .'.I th‘-'}l' :.:&.p'-.. 'r':.fl . ‘:-g'}.' .' 3 .F'.
Py ;'-hk a7 gt o
il N Y ol F‘.

Ml R

‘*”":- Ay

".-"'mm

US 11,280,955 B2



US 11,280,955 B2

L,

w i a -
A 2 i
A N C
I - = a
. R
x b W
T a lhaln
* Sa
-l R
- s N -_-_...”
)l
i.r.__ -,
b dr & L
o ]
- LR
..r.r.._ = “.._..
" SN
o - ]
] - "R
= ] o . .-_..-_
* gt . 2 a"wn -
- - a-_-.____-_-u.__. e -
- & i .
gl - l...t.
e b - 4
o .
p P
- & y u Kk
T -
> .o
- "
) B
ot ' "
e I
p "
- & o -
..r”.._ - “...r. ..J_-..I-..l.
- R »1-.
h o & - .'.... k 1.‘
* Fa .
-l N
..r.r” . -_-_ .“.il..“-
" a . M e
L dr & R A m U
o -
- & -
Y .
o e~ _.M.V C
f s A
et O f
Y . n
- ..-.-.-.
..t.r.._ - * & K
i - e |
i s 0
e ', 2 I
> Al -
] P .
£ < e A
ety Sy '1.
gl .y 1
Y | - - 1
r & - -
& v L - ey
~ Ty a thatnaa a e
v A
- ..r:. :
i p SN iy W ot
- & - 4
Y - Sa s ”a -._.'.._
p 4 b L - L
» L L {hw
— -8 5 ot >
a .
b i - . L a
2 DR : $  pord . ot
s s x |
-~ - - - X ]
s - L) - L
i = . -.H !
- h L 4
I L] . -_“ ﬁ
Ak e " oy
gt L - rF K
.r.r.._ ”-.!. .
., AL " )
- o g ¥
e - ]
- ....-r. 4 AR O N
- i L AL PN )
..r.r” ”......__ & " ] ...r..-_“-_..ln.-“!._.__“.-.”t.._-ﬂlnl.-
- - - - -
f " T T ey T Ty
o o v T ._I.-....-_l_..__.-.-.-.l-.__.-...-lu.r!___-.lu.r-.._ AN . . . . .
H.r” ........ J “ “kﬁ -“- -.l.q.-_.”.-_.-i..“..-“.__.-i.._-..lhl-h“-._\.- . . N 1.-_1. .
b < L -, - - - -
L - - 1 g & b a4+ o+ b adh g a=d
N o - o 1 1 N o I I i I I T A T . I T TP e
H.T.r .{*I“ " - "J...ﬂ‘-...J‘4‘4‘}‘4‘1‘#‘#‘}‘#‘#‘f‘““““““““““t_‘“““‘ l_l““..
- - g ﬁH | x *
b dr & . - K ..#
o N - -
- & i = .
> sl r ¥
..T.T“ ] .rn” ] .h Iy ]
H.r.__ AL " Iiv
i 5 LR o
o R . .
b : x oyt
.r.._ -_-_ K
s ..
p 4 b L ] ] | ]
.l.r.__ LI - r
i " 4 -1-.
h v oot .|
- o "X '
] LU h.-
o . .
2 o] 4
..r.r.__ .Jl ;
i .-l y -
o L
-k "L ;
o - - WUII\...
.'.r -|-|| L .-'. I|I
e a L - w
> & i
ot .. .
ar - . el
h e ; ' 2
.l.r.__ ..-...... ™
] A
> i
- =, .
. ..r.r“ g ..._.-_.r.
‘.' }.—. o
“ _ ]
o ]
.l.'.r "
..r.r.._ .._..
Pl T, T e T L
Y - .
p 4 & »
* . -
-l . . n
] o P T R, A
. » e LN, AL,
H.r.__ .__n....—.....-..__.__.__.....- n_..__.._. AN LW
. - . - ' ;
.1”.._ ....-_“r.__ “.._“-..__ ._...._“-_n !..._ 3
- - - - .
..r.r.._ - .r.__.____l._-..__..___..._._.-_n.___...._._ .._-.-_.
- PRI A . “ X
p A b A .._.__..__ .r.__.._._...__ »a - i
A I AN AT BN ¥
1 Ly
RS0 BENMENAEN 5 Je K
> ; )y
LAt X g g i - =Y

.u.‘-..l....lvw ..__..__..._..__..__..__.._-..__..__.._...__..__.. --“.1 -_._
e R O

luy / LT Y
Nl 2 X, T
o A TR W
K- -Ma

-nn -..r. !

N

|l.......

U.S. Patent

Fig. 7B



U.S. Patent Mar. 22, 2022 Sheet 6 of 9 US 11,280,955 B2

Distal trom
Light Source

Towards
Light Source

Fig. 7D

W e ..




U.S. Patent

Mar. 22, 2022

.?"'-"'-"'-"'-"'-"'-"'-"'-‘-‘-‘-‘-"—-‘-‘-‘-‘-‘-"—-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-ﬂ"‘

Sheet 7 of 9

A R A R R R

I-L.W-L"-.'-h"“'.'-..
e B
. g g LY
.'\1- _.."‘i-'*‘r* 1’ q.‘.i'--'l_l “--
-" . -""' " .i"i "a
l.r' "I.' -'Il-‘ l.“.
v ." "x
u r L] | ]
i' . ‘. ‘u
) 'n » [
'. '. ‘l. :"li-.
& v %%
. 1 N

W e e e e e e

Ambient
Light

Fig. 8B

Scattered
Light

L]
“n .‘. :‘ ' ) 4
' s L] T ¥ +T
T L J 4 & ] i
ll* LN --‘ T, L L
o, ., * v x ¥
n ] x - x
. - N T, T, "
- L] L ] L L4 L
- - -
L] L] L] & I I
ll. e ll‘_ T L T
. » . 1 I )
=" ' '
(LU SO0 TR0 PO L O o T R DL OO S0 U0 R O O L0 S0 U0 0L VO OO0 DO OV OV R0 0 L O O DO UL OO0 AP0 L VO DO DO UL S0 U0 R0 L O O DO UL OO0 R 0 L
L] - L] - L]
* + L} L b ]
[ “_ L I‘ " " N *l
* a . ., r v, o
» . LR Y E o Iy
[ [} L » 1 N [
. e L} '!‘_l ) r T T
L] 4 & & L] +
- [
; o Py ) ;
L)
e » I|'Il-‘ :a N L > *
. 3 . . . : ‘. 'r,. :i
.|"-. "I-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-""}'l-:q.:..:l-'l-;':‘::-'l-'q-"l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-"ll'
L8 - - . 'll' iy » T, . ﬂ . .
» . . ‘ N :
] ﬁ} ﬁ ﬂﬂl;' VT,
F] . I [ - ' . L '
v, ey - ' T . WM *n . .- " 2y
* gy oy . %‘.ﬁ“ﬂ ; %‘ *. 'y * y ':'f » Ca) v ” - :
- . - - r
:l- o L O Ry iy " L) ey AN ' . " {‘. e - i
.: i = - » > L] ¥ o - '
o - " ! " 'E' " a
- ol s = -
" SEKS Pu R SR U o S U T = B R < < L MR B o o X
.
..!~‘ ..J"n"'..".."'n.“'n."'n.*n'n*u'n*n'n"n'n"n'n*n*nJ"n."'..".."n.“'n."n.*.."..".."'n."'..".."n."n.*n."n.*.."..J"n."'..".."n.“'n."n.*n."..".."n."'..".."n."n."n."n.*.."..J"n."'..".."n.“'n."n.*n."..".."'n."'..".."n."n."n."n.*.."‘.
1-"'..‘ . " ’,
Bl o, l-"l-‘. i l‘i
A e
" +
r k]
y [
i *
r k]
q [
r +
- [
r »
W [
r
+
- [
Pk ki h kb k Kk kb kb h h k kb k k k_k_k ko k k_ kb k k_ ko bk k kb kb b bk k_k_k_ k kb k_k_ k_ k_ kb k kb bk kb k k_k_k k_k_k_k k_k_k_k_k &

US 11,280,955 B2



U.S. Patent Mar. 22, 2022 Sheet 8 of 9 US 11,280,955 B2

'i_,q,""l'.d-"-'...'-'ﬁ""""

-

-
S, . :

r B -.L..‘-".. I:‘ ‘1*. -h‘"" ‘.‘

" -

ok

A e e M M e Y M e e Y T e e

+
3

Maa'eis's's's's's s s s n s e s m e w e m e e e e

Py _ o
i N, & Y
X TN
"': ey . e
- e

A E ..
-’..I' L
ot
-
- ..L-"l-‘-r.

.
| u 'l
: ] ]
< n x,
‘.+ ‘-i o« r
. ., o~ )
- . .
s - ¥ .
L] f - ]
‘-I B i-l ]' l'.-
-
‘ii ‘l. a | ‘|‘-l‘ll
1‘ -* - . -.u"l" ._l'
» : . =
"y e, e it " P
o 4 Lk B 3 [ R A "
- ¥
I, ol
L tma -f":’
! - o, . -l.‘l'.'.' .
5, ety w b a'
u, [ ]
LR L
u, [ ]
LR L
] L
L]
LN L]
] L
L]
LR L
u, [ ]
LR L
u, [ ]
LN L]
] L
L]
LR L
L) L]
LR L
] L
L]
LN L]
] L
L]
LR L
u, [ ]
LR L
] L
L]
LN L]
] L
L]
LR L
u, [ ]
LR L
] L
L]
LN L]
] ]
- % -
f 1 . B
Be |
r L] ' L] L]
A 5 a . M.
» ¥ s »_a L »
. =
¥ L L o e
. rl E ] . -
¥ LN T, A L3
'- .J 'l '|-j ‘J
.‘.4.4.+.4.4.*.4.4.1-.4“'.4-.4.4.*.4.4.4-.4.4.4-.4""1-.4.4.4-.4.4.*.4.4.4-.4-.‘""-.4.4.4-.4.4.4-.4.4.4-.4.4"b.*.4.*.4.4.*.4.4.*.4“‘,‘-.4.4.*.4.4.*.4.4.*.4.i‘
a . - .p.'l- * s 1-: * r
. ¥, g . . LR .
& ¥ PN ) L) 1) - ) -
h LIL ‘|'|.J 2 Ts ll‘I -
R x ,f‘. '» T . ' »
4 + .|.'.|.'- ll‘ll* LS v LN "
A x "‘_1' Il“ lll‘ L " . A
. F ] ) » 1) - - -
- r & " ¥ L & L ] & Y
a _— ) » » » . .
: CaC) ¥ » a ) X F
I & g ) - » ¥ - :
T g : L * » & ) X »
- . . LS LX L T, - . .
.
..'- *.lll*“#liill*:ll}llllllll}‘*l}ll}.l“*‘lI'J-'q-lI'I'J-J-I'I'J-I-J-J-**I'J-lI'l'llllll'*l}ll}ll}ll}n
] - 1 L] [ 4 L - § -
: o e B S ¢ oocie e i S (NS 08
l-'l *y * '.- ) . ?**ﬁ" ! "l'_ o *
\ Agnon .
S gt TR e Banagl S e
L) » ar - ' Ll N » » LN '?;; ¥ ) L) N . ¥
1 > F ) < Ll ) [ [ L} - - Y » ¥ ] Lt x
¥ L el -~ " L e t! ) L) LU TR o “w = » -
- ] [ ] |._J- = - 1 Ay [
) L) L
& L 3‘#‘: ) 1_:_._ ' ‘iﬂ gl
- Teteler- - q:'-i- N
a o, -. Pt ) T
+ » T ¥
] [ ] -
" w2
R R R R N R R R R R
L "J- Fy ' ..':‘ -
‘.-I-"a‘.‘u.‘-l-‘-' L l‘- ':‘J _:
'J- | .'J. -
L] | I [ &
> a LI .
. L :.. A
Tr ‘ll‘a . -
“- ‘.‘q . ¥ l.l. -j
. . » E
. 13 q."a 9 B
. &
.
“4 ‘I‘_l-_l‘_l ‘l‘_l-l‘l-l‘l ‘l‘_l-l ‘_l-_l ‘I‘l‘_l-l ‘_l-_l‘_l ‘l‘l -.l ‘_l-_l‘_l ‘l‘_l-l‘l‘l‘l ‘l‘_l-l ‘_l-_l ‘_l ‘l‘_l-l ‘l‘l‘l‘l‘l-l ‘_l-_l‘_l ‘l‘_l-l‘l‘l‘l ‘l‘_l-l ‘_l-_l‘_l ‘l‘_l-l ‘_l-_l‘_l -.-

Fig. 10A



US 11,280,955 B2

Sheet 9 of 9

Mar. 22, 2022

U.S. Patent

.

T.I.T.i.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.1..1.

oy

Pl
.
L ‘... -‘

-’
Vool
" .
1.- .“....-
-- I-
K .
]
i %
- L
L] r
a “s
_m. &
“ M
L] _.J-
-._1.1!i.ii.i!i.i!iiiiiiii_iﬁiiiiiii!ii!.&-- .

Fig. 10B



US 11,280,955 B2

1

WEARABLE DEVICE AND METHOD FOR
CONTROLLING WEARABLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national phase of PCT Patent
Application No. PCT/CN2019/123272 filed on Dec. 5,

2019, which claims the priority of Chinese Patent Applica-
tion No. 201910116596.4, filed on Feb. 13, 2019, the entire
content of both of which 1s incorporated herein by reference
in their entirety for all purposes.

FIELD

The present disclosure relates to the field of smart device
technologies, and 1n particular, to a wearable device and a
method of controlling a wearable device.

BACKGROUND

In recent years, smart wearable products, such as smart
bracelets and smart watches of Apple, L GG, and Huawey, eftc.
have been favored by consumers. Smart watches provide
consumers with many new functions and experiences that
are not offered by the traditional watches, but they also bring
some troubles, such as short standby time. If used frequently,
they need to be charged every day.

There are many causes for the short standby time of the
products such as smart watches. For example, lighting up the
screen every time a user views the content or time, display-
ing data obtained by various sensors (heart rate, steps,
position, etc.) and other operations all cause huge consump-
tion of power.

In the related art, some products use old-style black and
white display screens in order to save power consumption,
resulting 1n poor consumer experience.

SUMMARY

Embodiments of the present disclosure provide a wear-
able device.

According to a first aspect of the present disclosure, there
1s provided a wearable device, including: a main body; a
display panel over the main body for displaying information;
and a driving circuit coupled to the display panel; where the
driving circuit 1s configured to control the display panel to
switch between: a transparent non-displaying state 1n which
the main body 1s viewable by a user, and a displaying state
in which the information displayed 1s viewable by the user.

According to a second aspect of the present disclosure,
there 1s provided a method for controlling a wearable device,
the wearable device including: a main body; a display panel
over the main body for displaying information; and a driving
circuit coupled to the display panel, where the method
comprises: controlling the display panel to switch between:
a transparent non-displaying state 1n which the main body 1s
viewable by a user, and a displaying state in which the
information displayed i1s viewable by the user.

BRIEF DESCRIPTION OF THE DRAWINGS

A more particular description of the embodiments will be
rendered by reference to specific embodiments illustrated in
the appended drawings. Given that these drawings depict
only some embodiments and are not therefore considered to
be limiting 1n scope, the embodiments will be described and
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explained with additional specificity and details through the
use of the accompanying drawings, in which:

FIG. 1 1s a schematic block diagram of a wearable device
according to an embodiment;

FIG. 2 1s a schematic exploded view of a wearable device
according to an embodiment;

FIG. 3 1s a schematic structural view of a display panel
according to an embodiment;

FIG. 4A 1s a schematic structural view of a light guiding,
structure according to an embodiment;

FIG. 4B 1s a schematic cross-sectional structural view of
a boundary portion between a light guiding structure and a
light source according to an embodiment;

FIG. 4C 1s a schematic cross-sectional view of alight
guiding structure according to an embodiment;

FIG. 4D 1s a schematic view of light extraction dots
according to an embodiment;

FIG. 4E 1s a schematic view of light extraction gratings
according to an embodiment;

FIG. 5A 1s a schematic structural view of a light guiding
structure according to an embodiment;

FIG. 5B 1s a schematic structural view of a light guiding
structure according to an embodiment;

FIG. 6 A 1s a schematic structural view of a light guiding
structure according to an embodiment;

FIG. 6B 1s a schematic structural view of a light emitting
chip disposed on a substrate of a display panel according to
an embodiment;

FIG. 7A 1s a schematic structural view of a light guiding
structure according to an embodiment;

FIG. 7B 1s a schematic view of light extraction dots
according to an embodiment;

FIG. 7C 1s a schematic view of light extraction gratings
according to an embodiment;

FIG. 7D 1s a schematic diagram of signal lines layout of
a display panel according to an embodiment;

FIG. 8A 1s a schematic diagram showing the display
principle of mode 1 according to an embodiment;

FIG. 8B 1s a schematic diagram of a display 1n mode 1;

FIG. 9A 1s a schematic diagram showing the display
principle of mode 2 according to an embodiment;

FIG. 9B 1s a schematic diagram of a display in mode 2;

FIG. 10A 1s a schematic diagram showing the display
principle of mode 3 according to an embodiment; and

FIG. 10B 1s a schematic diagram of a display in mode 3.

DETAILED DESCRIPTION

The disclosure will be described hereinatter with refer-
ence to the accompanying drawings, which 1llustrate
embodiments of the disclosure. The described embodiments
are only exemplary embodiments of the present disclosure,
but not all embodiments. Other variations may be derivable
by a person of ordinary skill in the art based on the
embodiments of the present disclosure without creative
cllorts, and are within the scope of the present disclosure.

References throughout the disclosure to “one embodi-
ment”, “an embodiment”, “an example”, “some embodi-
ments”, or stmilar language mean that a particular feature,
structure, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment. Thus,
appearances ol the phrases “in one embodiment”, “in an
embodiment”, “in some embodiments”, and similar lan-
guage throughout the disclosure may, but do not necessarily,
all refer to the same embodiment(s), but mean “one or more
embodiments”. These may or may not include all the

embodiments disclosed. Accordingly, features or elements




US 11,280,955 B2

3

of some embodiments may be available in some other
embodiments unless the context indicates otherwise.

Unless otherwise defined, technical terms or scientific
terms used 1n the embodiments of the present disclosure
should be construed 1n the ordinary meaning of the person
of ordinary skill 1n the art.

The terms “first”, “second” and similar terms used in the
present disclosure do not denote any order, quantity, or
importance. They are merely used for references to relevant
devices, components, procedural steps, etc. These terms do
not mmply any spatial or chronological orders, unless
expressly specified otherwise. For example, a “first device”
and a “second device” may refer to two separately formed
devices, or two parts or components of the same device. In
some cases, for example, a “first device” and a “‘second
device” may be identical, and may be named arbaitrarily.
Similarly, a “first step” of a method or process may be
carried or performed before, after, or simultaneously with, a
“second step”.

The terms “comprising’, “including”, “having”, and
variations thereol mean “including but not limited to”,
unless expressly specified otherwise.

An enumerated listing of items does not imply that any or
all of the 1tems are mutually exclusive, unless expressly
specified otherwise. The terms “a”, “an”, and “the” also refer
to “one or more” unless expressly specified otherwise.

The words “connected” or “connection” and the like are
not limited to physical or mechanical connections, but may
include electrical connections, whether direct or indirect.

The word “over” 1s used only to indicate that a layer’s
relative position with respect to another layer. In some
embodiments, this means that the layer 1s located further
from a substrate or a reference position than the other layer.
The layer may be 1n contact with the other layer in some
embodiments, and may be completely or partially separated
from the other layer by a third layer or a void space 1n some
other embodiments. Additionally, the layer may fully or
partially cover the other layer in some embodiments, and
may not cover or overlap with the other layer 1n some other
embodiments. Accordingly, it does not necessarily require
contact between the two layers, nor does 1t require the layer
tully or partially covering the other layer.

The words “above”, “below”, “under”, “upper”, “lower”,
“lett”, “nght”, etc. may be used to refer to relative positions
of an element under normal operation mode or installation
orientation, to {facilitate understanding of the relevant
embodiments. The scope of the disclosure 1s not limited to
the specific operation mode or installation orientation as
described.

The drawings of the present disclosure relate only to
structures volved 1n the present disclosure, and other
structures may refer to the usual design.

Embodiments of the present disclosure provide a wear-
able device capable of ensuring the effect of displaying an
image while retaining the usual functions and textures of the
wearable device.

As shown 1n FIG. 1, the wearable device includes: a main
body 10, a display panel 20, and a light emitting assembly
30; the main body 10 1s located on a side away from the
display side of the display panel 20 (1.c., the display panel
20 1s located at a side of the main body that 1s facing a user
for displaying functions, or the display panel 1s over the
main body for displaying information). In one embodiment,
the display panel covers the main body. The light emitting,
assembly 30 includes a light source 31, and the light ematted
by the light source 31 i1lluminates the display panel 20. The

display panel 20 1s coupled to a driving circuit 50 which 1s
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configured to control the display panel 20, e.g., applying a
voltage to the display panel 20 or performing other control
functions.

Optionally, the light emitting assembly 30 further
includes a light guiding structure 32. The light guiding
structure 32 1s located at an outer edge of the display panel
20 and configured to gmide the light emitted by the light
source 31 to 1lluminate the display panel 20; and the light
source 31 1s located at at least one location 1n the light
guiding structure 32.

Optionally, the light guiding structure may be alight
guiding structure ring 32 that surrounds the outer edge of the
display panel 20.

In an embodiment of the present disclosure, the main
body 10 may refer to a hardware entity on which a function
inherent to the wearable device itself relies, for example, a
hardware entity that does not have a display function.

In some embodiments, the wearable device 1s a smart
watch, and the main body 10 can be a mechanical structure
such as a dial, a hand, or the like of a watch or a wrist watch
(e.g., a mechanical watch, a quartz watch, a kinetic energy
watch, etc.).

In some embodiments, the wearable device 1s smart
glasses, and the main body 10 can be a mechanical structure
composed of a frame, a lens, or the like.

The wearable device according to the embodiments 1nte-
grates the display device into a device such as a watch or
glasses, and can perform functions of the main body (such
as time viewing, alarm clock setting, etc.) or display desired
content (such as displaying human physiological param-
cters, displaying an SMS, and displaying a caller number,
etc.) according to requirements, to minmmize power con-
sumption while meeting functional requirements.

In some embodiments, the light guiding structure maybe
disposed on the outer side of the display panel, instead of
below the display panel. This may reduce the influence of
the light emitting assembly on the light transmittance of the
display panel, so that the user’s view of the conventional
functions of the main body may not be severely aflected by
the display panel.

Optionally, the main body 10 of the wearable device may
have a multi-layer structure. As shown 1n FIG. 2, the main
body 10 includes a first layer body 11 and a second layer
body 12.

For example, the first layer body 11 may include hardware
such as a hand, a dial, and a control module; the second layer
body 12 may be a hardware device that supports hardware
operation of the first layer body 11, such as a battery and 1ts
management module, and/or a motor.

Optionally, the main body 10 may further include a third
layer body 13, which may be a sensor device layer for
providing display content to the display panel 10. For
example, the sensor device layer may integrate a photoelec-
tric sensor, a pedometer sensor, an orientation sensor, pres-
sure sensors, humidity sensors, etc., to assist in the detection
of heart rate, pulse, blood oxygen, and other health param-
cters, exercise parameters, environmental parameters, etc.

The specific structure of the main body 10 herein 1s
merely exemplary, and adaptations, additions and removals
of components may be performed as needed 1n actual
production.

In an embodiment of the present disclosure, some control
units, battery units, battery management modules, and the
like of the display panel 20 and the light emitting assembly
30 may also be disposed 1n the main body 10. Meanwhile,
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the surface of the display panel 20 may also be provided
with a protective cover 40 for protecting the display panel
20.

Optionally, the display panel 20 1s light transmissive as a
whole to minimize the influence of the display panel itself on
the user’s view of the main body.

Optionally, the battery management module or the power
management module 1s configured to manage the output
power ol the power source (e.g. battery) as needed. For
example, the output power of the power source 1s divided
into two parts and supplied to the main body, as well as the
display panel and the sensors corresponding to the display
content of the display panel. For example, about 80% of the
power 1s distributed to the display panel and the sensors, and
about 20% of the power 1s used to power the main body,
such as powering the watch. For example, for a purely
mechanical watch, the power of the power source may all be
allocated to the display panel and the sensors corresponding
to the display content of the display panel.

Optionally, the power source 1s wirelessly chargeable (for
example, the battery may be connected to a wireless charg-
ing induction coil) for convenient charging.

As shown 1n FIG. 3, the display panel 20 according to an
embodiment includes a first substrate 21, a thin film tran-
sistor array layer 22, a pixel electrode layer 23, a first
alignment layer 24, a liquad crystal layer 25, and a second
alignment layer 26, a common electrode layer 27, and a
second substrate 28, that are sequentially disposed.

Optionally, the second substrate 28 1s further provided
with a touch layer 29, such that the display panel 1s a touch
sensitive display panel. Thus, the user can operate the
wearable device by touch. The light guiding structure 32 of
the light emitting assembly 30 surrounds the display panel
20, as shown 1n FIG. 4A.

The touch layer 29 may be an externally-applied glass-
based touch layer, touch film, or touch electrodes integrated
on the upper surface of the second substrate 28. The first
substrate 21 and the second substrate 28 may be of alkali-
free glass for general display or a highly transparent poly-
imide film. The material system of the liquid crystal layer 25
may be a polymer-stabilized liquid crystal containing at least
a liqud crystal with high refractive index difference, a
polymer monomer, and a photo imitiator mixed 1n certain
proportions. Each material may not be limited to any specific
material but may be a mixture of a plurality of matenals.
Generally, the content of the polymer monomer 1s not more
than 10%. The polymer-stabilized liquid crystal 1s poured
into the liquid crystal cell by drnip injection or vacuum
injection. UV 1rradiation 1s then carried out to complete the
preparation of the liquid crystal cell.

Optionally, the display panel 20 1s a field sequential liquid
crystal display panel, and the liquid crystal 1s a polymer-
stabilized liquid crystal. The field sequential display panel
made of the polymer-stabilized liquid crystal can be
matched with the light emitting assembly 30 in the embodi-
ment, so that the light transmittance of the display panel 1s
better. The field sequential display panel made of the poly-
mer-stabilized liquid crystal also provides faster response.

FIG. 4A shows the light emitting assembly 30 according
to an embodiment.

The light emitting assembly 30 1ncludes a light source 31
and a light guiding structure 32. The light source 31 1is
disposed in the light guiding structure 32. The light gmiding
structure 32 1s circumierentially disposed around the display
panel 20 for introducing or guiding light emitted from the
light source 31 into the display panel 20. The light guiding
structure 32 1s provided with a light emitting surface 321 at

10

15

20

25

30

35

40

45

50

55

60

65

6

a portion facing the display panel 20. Except the light
emitting surface 321, other portions of the light guiding
structure 32 are provided with a light reflecting layer 322, as
shown 1n FIG. 4C. That 1s, the light reflecting layer 322 may
be located at a portion facing away from the display panel.

Optionally, the thickness of the liquid crystal layer 25 1s
about 2 to 10 um; the overall thickness of the liquid crystal
cell 1s about 0.1 to 2 mm; and the light guiding structure 32
matches the thickness of the liquid crystal cell, and 1s also
about 0.1 to 2 mm.

In order to improve the light entering efliciency, the light
guiding structure 32 1s equivalent 1n size to the light emitting
device 311 at the junction with the light emitting device 311,
as shown in FIG. 4B.

In some embodiments, the light guiding structure 32 has
a light incident surface 323 and the light source 1s configured
to emit light into the light guiding structure 32 through the

light incident surface 325.

Optionally, the light guiding structure 32 1s made of
polymethyl methacrylate that 1s used 1n optical systems and
1S easy to process.

Optionally, the light reflecting layer 322 1s disposed on the
outer side, and the upper and lower sides of the light guiding
structure 32. When the light propagates 1n the light guiding
structure 32 and reaches the light reflecting layer 322, the
light 1s reflected by the light reflecting layer 322 and enters
the liquid crystal layer 25 through the light emitting surface
321, thereby improving the light source utilization rate and
the brightness of the display.

In some embodiments, on a contact side of the light
guiding structure 32 and the display panel 20, that 1s, the
light emitting surface 321 of the light guiding structure 32,
a light extraction structure 323a/3235 may be provided, and
the light extraction structure may be dots 323a (as shown 1n
FIG. 4D), or a grating 3235 for collimating light (as shown
in FIG. 4E).

Optionally, the distribution density of the light extraction
structures 323a/323b increases as the distance from the light
source 31 increases. The distribution density of the light
extraction structures 323a/323b increases as the distance

from the light source increases, so that the light extraction
structure near the light source 1s sparsely distributed, and the
light extraction structure away from the light source is
densely distributed, thereby achieving uniform light emis-
sion. The specific density distribution may be set as needed.

Optionally, 1n order to improve the light extraction efli-
ciency of the display panel 20, a light extraction structure
having a light collimation eflect 1s used.

In an embodiment, the light emitting assembly 30
includes the light source 31 and the light guiding structure
32, and the light source 31 1s disposed at at least one portion
of the light guiding structure 32. In an embodiment shown
in FIG. 4A, the light source 31 includes two light emitting
devices 311 (for example, LEDs) disposed facing away from
cach other such that light emitted by the two light emitting
devices 311 propagates i1n opposite directions, thereby
increasing the light intensity distribution inside the light
guiding structure 32.

Optionally, a heat dissipation layer 312 1s disposed
between the two light emitting devices 311 to better dissi-
pate the heat generated by the light emitting devices 311.

In another embodiment shown in FIG. 5A, the light
guiding structure 32 has at least one protrusion 324 1n which
the light source 31 1s disposed. The structural design can
avoild the problem that no light 1s emitted at the contact
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position of the two light emitting devices facing away from
cach other (as shown 1n FIG. 4A), and also can reduce the
design complexity.

Optionally, the light source 311 may include two light
emitting devices 311 arranged side by side, as shown 1n FIG.
5A. It 1s appreciated that the number of the light emitting
devices 311 may vary, and may be set according to actual
needs.

In some embodiments, as shown i FIG. 3B, the light

guiding structure 32 has two protrusions 324, and the two
protrusions 324 are symmetrically disposed with respect to
the light guiding structure 32, to improve light intensity and
light uniformity.
In some embodiments, the light gmding structure 32
includes at least one protrusion; the light incident surface
325 1s a surface of the at least one protrusion; and the light
source 1s 1n proximity to the light incident surface 325.

The density of the light extraction structure in the light
guiding structure 32 shown in FIG. SA and FIG. 5B may be
designed with reference to the design of FIG. 4D and FIG.
4E.

In an embodiment shown in FIG. 6 A, the light source 31
includes an annular light strip or a ring light strip and an
optical film layer 313, the annular light strip being disposed
inside the light guiding structure 32, and the optical film
layer 313 being disposed between the annular light strip and
the display panel 20. This design has the advantage that the
brightness of the light source can be higher due to the use of
an annular light strip. At the same time, with this design,
uniform light incidence may be achieved by the uniformiza-
tion, mcremention and collimation via the optical film layer
313, so that a light extraction structure 1s not required. In an
example, the display panel is circular or round, and the light
incident surface 1s a surface of the light guiding structure
distal to the display panel. The ring light strip 1s disposed 1n
proximity to the light incident surface of the light guiding
structure and surrounds the display panel.

Optionally, as shown 1n FIG. 6 A and FIG. 6B, the annular
light strip includes a plurality of light emitting chips 314
(such as Min1 RGB chips or Micro RGB chips), and the light
emitting chips 314 are integrated on the substrate of the
display panel 20, thereby improving the integration of the
lig'lt source and the display panel.

In an embodiment of the present disclosure, the geometry
of the light guiding structure corresponds to the display
panel. The light guiding structure 32 1n the above embodi-
ments 1s annular, and the display panel 20 1s round. The side
of the light guiding structure 32 that 1s 1n contact with the
display panel 20 1s the light emitting surface 321. When the
display panel 20 i1s square or rectangular, as shown 1n FIG.
7A, the shape of the light guiding structure 32 1s corre-
spondingly square or rectangular. In this case, the four sides
of the light guiding structure 32 facing the display panel 20
are 1n contact with the four sides of the display panel 20
respectively. Two out of the four sides of the light guiding
structure 32 facing the display panel 20 that are symmetri-
cally disposed are the light emitting surface 321 (corre-
sponding to the portion of the light guiding structure 32 1n
the broken line 1 FIG. 7A). Since the incident direction of
the light source needs to be perpendicular to the alignment
direction of the liquid crystal, only two symmetrical planes
may be selected as the light emitting surface 321, and light
in other directions contributes little to the brightness of the
display panel. It can be understood that, although the
embodiment adopts a structure i which the two light
emitting surfaces are symmetrically disposed, in practice,
light emitting surfaces may be disposed on four sides at a
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portion where the light guiding structure 32 and the display
panel 20 are 1n contact with each other.

In addition, similar to other embodiments, in the embodi-
ment of the square or rectangular light guiding structure 32
and the display panel 20, on the contact side of the light
guiding structure 32 and the display panel 20, that 1s, on the
light emitting surface 321 of the light guiding structure 32,
a light extraction structure 323a/3235 1s provided, and the
light extraction structure may be dots 323a (as shown 1n
FIG. 7B) or a grating 3235 having a light collimation eflect
(as shown 1n FIG. 7C). The distribution density of the light
extraction structures 323a/323b increases as the distance
from the light source 31 increases. The distribution density
of the light extraction structures 323a/3235 increases as the
distance from the light source increases, so that the light
extraction structure near the light source 1s sparsely distrib-
uted, and the light extraction structure away from the light
source 1s densely distributed, thereby achieving uniform
light emission. The specific density distribution may beset as
needed. Further, in order to improve the light extraction
clliciency of the display panel 20, a light extraction structure
having a light collimation eflect may be preferred.

The light source 31 shown in FIG. 7A 1s arranged 1n such
a manner that a protrusion 324 1s provided on the light
guiding structure 32, and the light source 31 is disposed 1n
the protrusion 324. It can be understood that, according to
the light source arranging manners described above, in
addition to the specific light source arrangement shown 1n
FIG. 7A, the light source 31 may be disposed in the
transmission channel of the light guiding structure 32 and
adopt two light emitting devices 311 disposed facing away
from each other. Alternatively, a set of light sources may be
disposed at symmetrical portions of the light guiding struc-
ture 32. These vaniations are equally applicable to the square
and/or rectangular light guiding structure 32 and the display
panel 20.

Optionally, the signal lines of the display panel 20 are
transparent wires. As shown in FIG. 7D, the signal lines
include a scan line 210a and a drive line 2106. The signal
lines are made of transparent wires, which can improve the
transmittance and reduce the metal reflection perpendicular
to the direction of the light source, especially when the
resolution of the display screen 1s not high.

By arranging the light guiding structure 32 around the
display panel 20, the display panel can realize the incidence
of the backlight based on the waveguide principle, and thus
the transmittance 1s high which may reach 80% to 90%:; the
response speed 1s fast, which may reach 1 ms~2 ms; and the
color dlsplay can be reahzed by field sequential technology,,
and thus 1s advantageous 1n transparent display.

The display panel 1s transparent 1n a non-displaying state
in which the main body 1s viewable by a user. After a voltage
1s applied, e.g., by the driving circuit 50, the liquid crystal
1s mnverted accordingly, and the liquid crystal orientation 1s
disordered by the traction of the polymer network, thereby
displaying by scattering. When there 1s ambient light, the
displayed content may be seen without backlight. It the
ambient light 1s not 1n a good condition, or 1f a color display
1s required, a light source 1s required. The polymer-stabilized
liquid crystal system, after being driven by a voltage, has a
fast response speed, which may reach 1 to 2 ms. The color
display maybe realized by field sequential light source
technology.

The wearable device according to the embodiments of the
present disclosure generally has three modes of operation.

Mode 1: As shown 1n FIG. 8A, 1n this mode, the light

source 1s turned off; the liquid crystal cell 1s not applied with
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a voltage; and the display panel 20 1s 1n an off state. That 1s,
the display panel 20 i1s 1n a transparent state and does not
display an image. Therefore, the function of the main body
10 1tself 1s displayed. For example, the traditional dial and
hands of the smart watch are viewable by a user to show
time, and since the transmittance of the waveguide display
panel 1s 80%~90%, the hands of the watch are clearly
visible, as shown 1n FIG. 8B. In this mode, the display panel
20 15 1n a transparent non-displaying state in which the main
body 1s viewable by a user.

Mode 2: As shown 1n FIG. 9A, 1n the case of suflicient
ambient light, the light source 1s turned off; only the display
screen 1s turned on; the liquid crystal cell 1s applied with a
voltage, for example, by the driving circuit 50; and the liquid
crystal cell scatters ambient light, which can display black
and white 1mages. "

T'his may be especially usetul for dis-
playing images for the sensors or other functional modules,
as shown in FIG. 9B. In this mode, the display panel 20 1s
in a non-backlighted displaying state i1n which the informa-
tion 1s displayed in black-and-white.

Mode 3: As shown 1n FIG. 10A, the light source 1s turned
on; the liquid crystal cell 1s applied with a voltage; and the
liquid crystal cell scatters the light incident from the light
source through the light guiding structure, and the display
screen can display a color image. In this mode, the display
panel 20 1s 1 a backlighted displaying state 1n which the
information 1s displayed with color.

In mode 2 and mode 3, the display panel 20 1s 1n a
displaying state in which the information displayed 1s view-
able by the user. The driving circuit 50 controls the display
panel 20 to switch between the transparent non-displaying
state 1n which the main body 1s viewable by a user (mode 1)
and the displaying state 1n which the information displayed
1s viewable by the user (mode 2 and mode 3). The displaying
state 1ncludes the non-backlighted displaying state of mode
2 and the backlighted displaying state of mode 3.

In operation, the display panel 20 1s switchable among the
three states.

According to some embodiments of the present disclo-
sure, there 1s provided a method for controlling a wearable
device, the wearable device including a main body; a display
panel over the main body for displaying information; and a
driving circuit coupled to the display pane, where the
method includes controlling the display panel to switch
between: a transparent non-displaying state in which the
main body 1s viewable by a user, and a displaying state in
which the information displayed 1s viewable by the user.

It should be noted that the position of the display can be
designed according to the function display part of the main
body 10. The display panel may include a first region for
displaying the information in the displaying state; and a
second region that remains transparent in the displaying
state. For example, for a smart watch imcorporating a con-
ventional watch, 1f the hands of the conventional watch are
in the upper part (e.g. the upper half) of the main body (as
shown 1n FIGS. 9B and 10B), the information or any digital
contents maybe displayed in the lower part (e.g. the lower
half) of the display panel, enabling simultaneous display of
both traditional and smart functions.

It can be seen that the wearable device according to the
embodiments integrates the waveguide liquid crystal trans-
parent display panel with the ordinary watch. When the
special function 1s not needed, the display module 1s turned
ofl, and only the ordinary watch works to showtime; and
when the smart function 1s needed, the display module 1s
turned on as an interactive interface. By adjusting the design
of the light source and the display module, the effect of the
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display 1s ensured while retaining the function and texture of
the traditional watch, thereby greatly enhancing the experi-
ence of the smart watch.

Various embodiments and/or examples are disclosed to
provide exemplary and explanatory information to enable a
person ol ordinary skill in the art to put the disclosure mnto
practice. Features or components disclosed with reference to
one embodiment or example are also applicable to all
embodiments or examples unless specifically indicated oth-
Crwise.

Although the disclosure 1s described 1n combination with
specific embodiments, 1t 1s to be understood by the person
skilled 1n the art that many changes and modifications may
be made and equivalent replacements may be made to the
components without departing from a scope of the disclo-
sure. Embodiments may be practiced 1n other specific forms.
The described embodiments are to be considered in all
respects only as 1llustrative and not restrictive.

The mvention claimed 1s:

1. A wearable device, comprising;:

a main body;

a display panel over the main body for displaying infor-

mation; and

a driving circuit coupled to the display panel;

wherein the driving circuit 1s configured to control the

display panel to switch between: a transparent non-
displaying state in which the main body 1s viewable by
a user, and a displaying state in which the information
displayed 1s viewable by the user; and

wherein the display panel comprises: a first region for

displaying the information 1n the displaying state; and
a second region that remains transparent in the display-
ing state.

2. The wearable device according to claim 1, wherein the
displaying state further comprises:

a non-backlighted displaying state in which the informa-

tion 1s displayed in black-and-white; and

a backlighted displaying state 1n which the information 1s

displayed with color.

3. The wearable device according to claim 1, wherein the
main body 1s a wrist watch.

4. The wearable device according to claim 1, further
comprising a light emitting assembly, wherein the light
emitting assembly includes a light source, and the light
source 1s configured to illuminate the display panel.

5. The wearable device according to claim 4, wherein the
light emitting assembly further comprises a light guiding
structure having a light incident surface; the light source 1s
configured to emit light into the light guiding structure
through the light incident surface; and the light guiding
structure 1s located at an edge of the display panel and 1s
configured to guide the light emitted by the light source to
illuminate the display panel.

6. The wearable device according to claim 5, wherein the
light guiding structure surrounds an outer edge of the display
panel.

7. The wearable device according to claim 1, wherein the
display panel 1s a field sequential liquid crystal display
panel, and the liquid crystal 1s a polymer-stabilized liquid
crystal.

8. The wearable device according to claim 5, wherein the
light guiding structure comprises a light emitting surface at
a portion facing the display panel, and a light reflecting layer
at a portion facing away from the display panel.

9. The wearable device according to claim 8, wherein the
light emitting surface of the light gmiding structure is pro-
vided with a light extraction structure, and a distribution
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density of the light extraction structure increases as a
distance from the light source increases.

10. The wearable device according to claim 9, wherein the
light extraction structure comprises dots or gratings.

11. The wearable device according to claim 4, wherein the
light source comprises two light emitting devices disposed
facing away from each other.

12. The wearable device according to claim 11, wherein
a heat dissipation layer 1s disposed between the two light
emitting devices.

13. The wearable device according to claim 5, wherein the
light guiding structure comprises at least one protrusion; the
light incident surface 1s a surface of the at least one protru-
s1on; and the light source 1s 1n proximity to the light incident
surface.

14. The wearable device according to claim 13, wherein
the light guiding structure has two protrusions, and the two
protrusions are symmetrically disposed with respect to the
light guiding structure.

15. The wearable device according to claim 5, wherein the
display panel 1s round; the light source comprises a ring light
strip and an optical film layer; the light incident surface 1s a
surface of the light guiding structure distal to the display
panel; the ring light strip 1s disposed 1n proximity to the light
incident surface of the light guiding structure and surrounds
the display panel; and the optical film layer i1s disposed
between the ring light strip and the display panel.
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16. The wearable device according to claim 15, wherein
the ring light strip comprises a plurality of light emitting
chips integrated on a substrate of the display panel.

17. The wearable device according to claim 5, wherein the
display panel 1s square or rectangular; the light guiding
structure has a corresponding shape of square or rectangular
and has four sides facing the display panel; and two of the
four sides of the light guiding structure facing the display

panel that are symmetrically disposed are light emitting
surfaces.

18. The wearing device according to claim 1, wherein the
display panel comprises signal lines that are transparent

wires; or the display panel 1s a touch sensitive display panel.
19. A method for controlling a wearable device, wherein

the wearable device comprises:
a main body;

a display panel over the main body for displaying
information; and

a driving circuit coupled to the display panel,

wherein the method comprises:

controlling the display panel to switch between: a
transparent non-displaying state in which the main
body 1s viewable by a user, and a displaying state 1n
which the mformation displayed 1s viewable by the
user, wherein the display panel comprises: a first
region for displaying the information in the display-
ing state; and a second region that remains transpar-
ent 1n the displaying state.
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